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Introduction
Photosystem II (PS II) performs the light-induced reduction of plastoquinone and oxidation of water, generating molecular oxygen. At least the primary photochemical activity of PS II is performed by two intrinsic membrane proteins called D-1 and D-2 (about 32 and 34 kDa), as has been proposed [1, 2] on the basis of the similarity between PS II and the photosystem of purple bacteria. The recent isolation of a complex containing the D-1 and D-2 polypeptides and cytochrome b-559 [3, 4] , as well as the detection of primary PS II photochemistry in these preparations [3] [4] [5] [6] , has provided evidence for this idea. Closely associated with these reactioncenter polypeptides are two chlorophyll-binding polypeptides called CPa-1 and CPa-2 (about 47 and 43 kDa) (see Refs. 7 and 8 for reviews about the polypeptides of PS II), and a number of extrinsic polypeptides that are involved in the water-splitting process, very likely in an indirect manner. In cyanobacteria, these extrinsic polypeptides consist of a 34 kDa protein similar to the one isolated from higher plants [9, 10] and probably of a lowmolecular-weight protein [11] . The 17 and 23 kDa proteins of chloroplasts are not detected in cyanobacteria [9] .
Information concerning the overall structure of the active, oxygen-evolving PS II complex is relatively rare. In a previous paper [12] we reported on the isolation and purification of highly active PS II complexes from the thermophilic cyanobacterium Synechococcus sp. The particles with molecular weights of about 300 and 500 kDa were attributed to monomeric and dimeric forms of PS II, respectively. From negative staining data we estimate dimensions of 15.5 x 10.5 x 6.5 nm and 15 x 18.5 x 6.5 nm for the oxygen-evolving PS II monomers and dimers, respectively, in the nonionic detergent dodecyl fl-D-maltoside [12] .
In this contribution we present further details of the isolation procedure and characteristics of the oxygen-evolving PS II particles from Synechococcus sp. Estimations concerning the contributions of the extrinsic proteins and detergents to the size, shape and mass of these particles are given and a model for cyanobacterial PS II in vivo is presented.
Materials and Methods
The growth medium according to Ref. 13 was kept at 58°C and supported by air enriched with 4% CO 2. During the growth period (3-4 days), the amount of air was increased stepwise from 80 to 150 1/h and the illumination with white light was increased stepwise to a maximum of 15 000 lux.
The growing of the cells, membrane preparations, PS II extraction, and sucrose density gradient procedures resulting in the SG-1 and SG-2a and SG-2b complexes were carried out as outlined earlier in Refs. 12, 14, 15 . To the first sucrose gradient SB 12 was added in concentrations varying from 0 to 0.06%. Due to this addition, the amounts of APC in the SG-1 fraction could be diminished drastically, but the yield of chlorophyll decreased in general. For each extract, the optimal SB 12 concentration was determined.
For Tris treatment, 2 parts of SB 12 extract were diluted with 1 part of 2.4 M Tris-HC1 (pH 8.3) and incubated for 15 rain in daylight at room temperature. With these fractions, the first and second sucrose gradients were performed as described above for the oxygen-evolving preparations, except that the Mes buffer was replaced by 100 mM Tris-HC1 (pH 8.0). The resulting PS II preparations were designated SG-1T and SG-2T, respectively. All green fractions were frozen and stored at -80 °C before further use.
SDS-polyacrylamide gel electrophoresis was carried out on 10-15% gradient acrylamide slab gels according to Laemmh [16] . Protein bands were stained with Coomassie brilliant blue. Oxygen evolution was measured either with a Clark-type electrode (Rank Brothers) or with a zirconium dioxide sensor [17] at room temperature using repetitive, single-turnover xenon flashes (repetition frequency 2 Hz). The reaction medium contained MMCM (see Ref. 12) at pH 6.5, 500 ~M phenyl-#-benzoquinone, 1 mM ferricyanide and PS II diluted to about 10 ~M Chl.
Reaction center concentrations of PS II were measured via flash-induced absorbance changes at 320 nm, which primarily indicate the turnover of the primary quinone acceptor, QA [18] .
HPLC was performed on a Waters apparatus as described in Ref. 12 . Size-exclusion chromatography (gel filtration) was done with a TSK 4000 SW column (Beckmann) and ion-exchange chromatography with a Mono-Q 5/5 column (Pharmacia). For all columns the flow medium was MMCM (pH 6.5) (see Ref. 12) , supplemented by the amount of detergent indicated.
Specimens for electron microscopy were prepared by the droplet method, using uranyl acetate as a negative stain. Electron microscopy was carfled out on a Philips electron microscope at 70 000 magnification. Selected micrographs were digitized with a Datacopy Model 610 F electronic digitizing camera [19] .
Results

Sucrose gradients
Oxygen-evolving PS II was extracted from membranes of the thermophilic cyanobacterium Synechococcus sp. by the zwitterionic detergent SB 12, in principle as described by Schatz and Witt [14, 15] . The preparations show a high oxygenevolving activity and are largely depleted of PS I, but still contain relatively large amounts of the phycobilin pigment-proteins, PC and APC.
For the purification of oxygen-evolving PS II from these SB 12 extracts, a two-step procedure consisting of two successive sucrose gradients was developed• In the first sucrose gradient the concentration of the detergent SB 12 was kept below its CMC (0.1%), thus allowing the photosystem to aggregate. Under these conditions PS II migrates in a relatively sharp band in the lower part of the gradient (Fig. 1, inset) , clearly separated from the PC and most of the APC pigments. Fig. 1 (full line) shows the absorbance spectrum of a typical PS II fraction (called SG-1) from such a gradient together with the spectrum of an SB 12 extract (dashed line). The decreased absorbance near 620 and 650 nm suggests that the SG-1 preparations are strongly depleted of PC and APC. The chlorophyll peaks are observed at 673 and 436 nm, the same wavelengths at which other PS II reaction center complexes show their absorbance maxima. The relatively high absorbance near 470 and 510 nm indicates that the SG-l-preparations contain more carotenoid than other reaction center complexes.
The second sucrose-gradient fractionation step is performed in the presence of detergent ((3-5) × Closely below or combined with the lower green band, a blue band is observed in some cases. Absorption spectra identified the upper yellow band with carotenoid and the lower blue band with APC. The absorption spectra of the green SG-2a and SG-2b bands are shown in Fig. 2 . They are similar to that of the SG-1 preparation (Fig. 1 , full line) except that the amount of carotenoid is considerably lower. While the upper green band SG-2a (Fig. 2 , full line) is largely depleted of APC, the lower one, SG-2b (dashed line), cannot be separated well from APC and it still contains this pigment protein in most cases. In a few cases, the second sucrose gradient yielded a fourth band (SG-2x), located between the yellow carotenoid fraction and the SG-2a band (details, see below). This fraction contained chlorophyll peaking at 671 nm and carotenoid. The characteristic shoulder at 680 nm of PS II core complexes [20] was not observed. When the first sucrose gradient was done with 100 mM Tris, (pH 8.0) instead of Mes buffer, a pattern similar to that in the inset of Fig. 1 was observed. However, the second sucrose gradient with this material yielded only one green band (SG-2T), at about the same position as SG-2a.
HPLC gel filtration
HPLC experiments were performed in order to obtain information about the homogeneity of the preparations. The SG-1 fractions eluated near the void volume (Fig. 3 , solid line) which indicates a molecular weight of several millions. No smaller fractions were observed. This indicates that SG-1 fractions consist of large aggregates obviously due to the absence of detergents.
With detergent in concentrations above the CMC (both in the running buffer and in the applied sample) the peak in the void volume region disappeared concurrent with the appearance of three new fractions (Fig. 3 , dashed line). This shows that the aggregation of the SG-1 preparation is reversible. The fractions of about 500 and 300 kDa were green and contained chlorophyll. The relative amplitudes of both varied considerably, the variation being dependent on the SB 12 extract used. The smallest fraction was yellow, contained carotenoid and migrated as 50-120 kDa particles. As purified r-carotene in dodecyl r-D-
/ -lOOk Do maltoside yielded a mass of about 100 kDa (not shown). This yellow fraction is very likely due to free carotenoid embedded in detergent micelles. Besides, no protein could be found upon performing SDS-PAGE. Fig. 4 shows the relative amounts of the different fractions in the SG-1 preparations in dependence on the concentration of dodecyl fl-Dmaltoside. Similar results have been obtained with other detergents, i.e., SB 12, lysophosphatidylcholine and n-octyl fi-D-glucopyranoside. In the region of the CMC there is a sharp turning point, but above the CMC the relative intensity of the free fractions remained constant, suggesting that the 500 kDa fraction is not a partial aggregation product of the smaller fractions. It has been shown before that the fractions from the second sucrose gradient, SG-2a and SG-2b consist of very pure 300 kDa and 500 kDa fractions, respectively [12] . Gel filtration experiments with the Tris-treated SG-2T fraction indicated a mass of 300 kDa. Isolated APC (the middle fraction from the first sucrose gradient) revealed many fragments, the Together with the finding that APC-rich 500 kDa fractions showed exactly the same molecular mass as fractions with only trace amounts of APC, it shows that APC is not connected with the 500 kDa fraction but forms its own fraction with about the same mass. This explains the higher APC content of the 500 kDa fraction. The exact mass of the '300' and '500' kDa fractions as determined by the gel-filtration HPLC column depends on the micelle diameter of the specific detergent used. Table I shows the mass of the '300' kDa SG-2a fraction determined with different detergents. These values have been checked, also, by using different gel filtration columns, which all yielded similar results (not shown).
The lowest value was observed with n-octyl fl-D- 
HPLC anion-exchange chromatography
Further purification could be obtained by ion exchange chromatography. We used an FPLC Mono-Q HR 5/5 column, equilibrated with Mes buffer (pH 6.5) in the presence of 0.03% dodecyl fl-D-maltoside. The carotenoid micelles did not bind to the column, which was also the case for the aggregated SG-1 complexes. After solubilization, however, the PS II complexes bound to the column and could be eluted upon applying a gradient of 5-200 mM MgSO 4. SG-1 complexes yielded three main fractions at about 45, 60 and 65 mM MgSO 4 (not shown). Fig. 5 shows the elution profiles of fractions from the second sucrose gradient on the Mono Q column. The 500 kDa SG-2b complexes gave one prominent peak at about 65 mM MgSO 4 (Fig. 5A , dashed line), while the 300 kDa SG-2a fraction showed two peaks at about 45 and 60 mM MgSO4, respectively (Fig. 5A, solid line) . Tris-treated SG-2T complexes had only one peak at 45 mM (Fig.  5B, solid line) , while the trimeric PSI (Fig. 5B , dashed line) complex [21] was eluted at about 85 mM MgSO 4 with this method (see also Ref. 22 ).
SDS-PA GE
The polypeptide composition of the complexes was examined by SDS-polyacrylamide gel electrophoresis. Fig. 6A shows a densitometer scan of a typical SG-1 preparation. The main bands correspond to proteins with apparent masses of 51, 46, 35, 31 and 29 kDa. They may be attributed to proteins generally found in oxygen-evolving PS II complexes, i.e., the chlorophyll-binding proteins CPa-1 and CPa-2, the extrinsic 34 kDa protein and the reaction center proteins D 2 and D~, respectively. The proteins at 19 and 17 kDa are attributed to a residual contamination by APC and the faint bands at 120/110 kDa, as well as part of the stain at about 29 kDa may be attributed to PS II-APC linker proteins or fragments of it. The small absorption at 64/59 kDa can be due to PSI [21] or to the a-and fl-subunits of the FcATPase complex, respectively. The proteins at around 15, 13 and 10 kDa are probably due to PS II, since their intensities correlated with those of the PS II proteins upon comparison of different preparations, and not with those of the APC and/or linker proteins. They are probably due to cytochrome b-559 and other low-molecular-weight proteins of the oxygen-evolving complex [11] . The SG-2a complex is more purified and lacks the APC/linker/PS I/ATPase contaminations [12] . The Tris-treated SG-2T complex in addition lacks the 35 kDa extrinsic protein and probably also the proteins at 15 and 13 kDa (Fig. 6B) . The same was found for the fraction at 45 mM from SG-2a after the Mono-Q column (Fig. 5A) . Surprisingly, SG-2x (Fig. 6C) , i.e., exactly the same mass as the extrinsic 35 kDa protein involved in oxygen evolution. When the samples were incubated before electrophoresis at 15 °C instead of 37 o C, however, it migrated at 38 kDa and had a green color, indicating that the protein is different from the extrinsic protein and is involved in chlorophyll binding. Table II shows the oxygen-flash yields and the amount of photoreducible QA in the preparations (the values for the SB 12 extract and SG-1, 2a and 2b have been reported already in Ref. 12). For the SG-1 preparations the capacity of oxygen evolution and of QA reduction is increased by about 20% in general, which may be due to the loss of some inactive chlorophyll. The capacity of QA reduction was even slightly higher in both the SG-2a and SG-2b preparations for which routinely values between 40 and 50 Chl/Q A were found. Although both SG-2a and SG-2b showed considerable water-oxidizing activity, oxygen evolution appeared to be less stable in these preparations. This may be due to the loss of carotenoid and the use of detergent. The stability appeared to be strongly dependent on the type of detergent used. After Tris treatment, the capacity to evolve oxygen was lost, but the amount of QA reduction remained unchanged (Table II) . 313 On the Mono Q column, the SG-2a fraction separated into two fractions which eluted at 45 and 60 mM MgSO 4, resp. (see above). The fraction at 60 mM showed a distinct increase in O2-evolving activity, while the fraction at 45 mM was completely inactive. Both showed a very high reaction-center activity as indicated by the amount of photoreducible QA-Therefore, the fraction at 60 mM represents the normal, O2-evolving PS II particle, while the fraction at 45 mM represents those PS II complexes without O2-evolving capacity. The absence of the extrinsic protein(s) would then be the cause for the changed behavior on the anion exchange column. Care was taken to determine the optimal reaction center activity in the active part of the SG-2a fraction which eluted with 60 mM MgSO 4 from the Mono Q column. With five different preparations a number of 31 Chl a molecules per QA was found. It was checked by SDS-PAGE that the polypeptide composition was normal, i.e., that the intensity of the apoproteins of the chlorophyll-binding complexes CPa-1 and CPa-2 was not changed.
Photochemical activities
The SG-2x complex was neither active in oxygen evolution nor able to show photoreduction of QA (Table II) . Measurements at 820 nm in the nanosecond time range, indicating the turnover of the primary electron donor Chl-a H (P-680), revealed neither the characteristic 11 ns decay at the Chl-afi/Pheo-radical pair [23] in closed centers nor the slower phases [5, 6] . Also, the slower kinetics of Chl-a~ forward electron transfer were not recorded (Schlodder, E., unpublished data). Very likely, the 35 kDa apoprotein of SG-2x is not involved in PS II photochemistry but is, instead, the apoprotein of a light-harvesting complex.
Electron microscopy
The preparations were negatively stained with uranyl acetate and analyzed by electron microscopy. In the SB 12 extracts most of the PS II molecules were aggregated into long strings with a length of up to several 100 nm, as shown in Fig.  7A . The numerous top views of cylindrical particles with a diameter of 11-12 nm are phycobilisome fragments and consist of PC and/or APC. Under the applied sample preparation conditions no interaction between these cylinders and the strings was found. In the SG-1 preparations these cylindrical fragments were virtually absent, confirming the loss of phycobilisome components. Without detergent, very large, vesicle-like aggregates were observed (not shown). With higher detergent concentrations (3-5-times CMC), electron micrographs as in Fig. 7b were routinely obtained, showing relatively small particles without aggregated structures. More information is gained by analysis of the SG-2T, SG-2a and SG-2b preparations which consist of homogeneous 300 and 500 kDa (SG-2b) particles, resp. It has been shown before [12] that the SG-2a and -2b preparations consist of one type of particle in mainly two projections: a top and a side view. Upon preparation for electron microscopy both the 300 and 500 kDa particles frequently aggregate in such a way that the side view is seen as the repeating unit. Tris-treated SG-2T particles aggregate in a similar way (not shown), suggesting that the lost extrinsic 34 kDa protein is not responsible for this phenomenon. Interestingly, there is always a small but clear gap of 1.3 ___ 0.3 nm between the individual molecules in the aggregates. The dimensions of the Tristreated SG-2T complexes are given in Table III , together with the dimensions of SG-2a and -2b from Ref. 12 . The center-to-center distance of the individual particles in the 'roll'-like aggregates was also measured. While the smallest dimension (about 6.5 nm) is identical for the oxygen-evolving 300 and 500 kDa fractions, it seems to be slightly smaller in the Tris-treated material, suggesting a contribution from the extrinsic 34 kDa protein to this dimension in the oxygen-evolving particles. This contribution is supposed to be about I nm, as indicated by the difference in center-to-center distance between the dimers and the Tris-treated monomers. The active monomers show an intermediate center-to-center distance which may be due to a greater part of particles inactive in 0 2 evolution within this fraction. Concerning the 
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other dimensions, the oxygen-evolving (SG-2a) and Tris-treated (SG-2T) 300 kDa fractions are very similar. Fig. 8 shows averaged top view projections of the 300 kDa fractions, solubilized with two different detergents. In case of the 300 kDa particles solubilized with dodecyl fl-D-maltoside (Fig. 8B) , a total of 106 of these projections was selected from two micrographs in arrays of 64 × 64 pixels (see also Ref. 12). As micrographs for image analysis, we used those that were already published in Ref. 12 . The only criterion for selection was that the projections were well stained and not in contact or overlapping with other projections. The projections were brought into the same positions by alignment procedures and averaged by summation. Although the sum shows no internal features, the outlines are relatively sharp, as should be expected for the average of a population of homogeneous particles. The dimensions of this projection are 23 x 33 pixels or 10 x 15 nm. This is in accordance with the dimensions measured in enlarged prints (Table III) .
In order to investigate the contribution of detergent, we analyzed top views of 300 kDa particles in n-octyl fl-o-glucopyranoside, which has a considerably smaller micelle diameter than dodecyl fl-o-maltoside. Micrographs used for the image analysis correspond to those presented in Ref. 12 for dodecyl fl-o-maltoside (not shown). Fig. 8A shows the sum of 32 views, resulting in slightly smaller particles (18 x 31 pixels or 8.5 x 14.5 nm) than those in Fig. 8B . The difference between them is depicted in Fig. 8C .
Discussion
Our previous report [12] and this paper describe the isolation and purification of oxygenevolving and Tris-treated PS II complexes from the thermophilic cyanobacterium Synechococcus sp. The particles have polypeptide compositions similar to those of other, purified 'core complexes' from PS II [24] [25] [26] [27] [28] [29] and show activities that are among the highest reported up to now for such complexes: reaction center activities of one photoreducible QA per 33_ 2 Chl molecules and 0 2 flash yields of 1/402 per 50 _ 10 Chl molecules were measured for the most active fraction after the anion-exchange chromatography step. In a few cases, depending on the growth of the cyanobacteria another green complex could be observed in addition to the monomeric and dimeric PS II complexes. This complex, called SG-2x in this paper, showed a molecular mass of about 150 kDa (not shown) upon performing gel filtration and consists of only one apoprotein with an apparent mass of about 35 kDa. Under non-denaturing conditions, it migrated at about 38 kDa and kept at least part of its green color. It is tempting to speculate that this protein corresponds to the one reported by Sherman and co-workers [30] to accumulate under Fe2+-deficient growth conditions. Under these circumstances, phycobilisome function is impaired and the newly synthesized protein could be involved in taking over the light-harvesting function. The apparent absence of any reaction center activity is consistent with this idea. These results raise serious questions about the suggestion of Worland et al. [31] that a 38 kDa protein is the D 2 reaction center protein in Synechococcus.
The HPLC analysis of the two O2-evolving PS II fractions, SG-2a and SG-2b, from the second sucrose gradient has shown that both are homogeneous, consisting of about 300 and 500 kDa particles, respectively [12] . This property allowed a detailed analysis of the shape of the particles by electron microscopy. Both the 300 and 500 kDa particles have the shape of a discoid object and appear mainly in two projections. Based on the dimensions from Fig. 8 and Table III, the 500 kDa particle is about 1.8-times larger than the 300 kDa one [12] . We have, however, to account for additional detergent and lipid binding to the protein. HPLC-experiments (Table I ) and electron micrographs (Fig. 8) clearly showed a correlation between the molecular weight and the micelle diameter of the detergent used for solubilization. If we assume a boundary layer of 1.5 nm for dodecyl fl-D-maltoside attached to the hydrophobic parts of the protein in the top views, the volume would be about 20% smaller. With these corrected dimensions the molecular mass of the 300 and 500 kDa fractions would be 220-270 kDa and 440-540 kDa, respectively, assuming a value of 2.0 + 0.2 • 10-3 nm3/Da [32] . This confirms our former conclusion (see Ref. 12 ) that the 300 kDa particle represents the monomeric form and the 500 kDa one a dimeric form of PS II.
Information about the in vivo orientation of the elliptical discs in the thylakoid membranes is gained from a comparison of the shape and dimensions of the 300 kDa particles in dodecyl fl-D-maltoside and n-octyl fl-D-glucopyranoside (Fig. 8) . Since n-octyl fl-D-glucopyranoside molecules are much smaller (about 1 nm in length) than dodecyl fl-D-maltoside, the difference between both (Fig. 8) suggests that the detergent is evenly distributed in a boundary layer around the molecules in the top view projection. Therefore, the outer protein regions in this projection must be rather hydrophobic.
Concerning the inner protein region, information is gained from the type of roll-hke aggregates that are especially predominant in the 500 kDa fraction [12] . Stain accumulation in the small but clear gap of 1.3 nm between individual molecules strongly suggests that it separates rather hydrophilic parts of the molecules. The gap itself can be explained by assuming small subunit protrusions extending from the surface of the molecules that hinder closer contact. These observations suggest that in vivo the PS II particles are oriented with their long axis parallel to the plane of the membrane, extending up to 8 nm (6.4-6.6 nm plus protrusions) across the membrane.
This view on the orientation of the PS I1 particles in the thylakoid membranes is supported by the 300 kDa particle prepared after Tris treatment. This particle has the same top view dimensions as the oxygen-evolving 300 kDa particle but a smaller side-view dimension (about 5.8 nm instead of 6.5 nm in O2-evolving complexes - Table  III) . Since after Tris treatment the extrinsic 34 kDa polypeptide is missing, it is reasonable to assume that this subunit is responsible for the different thickness.
Among the different kinds of aggregate observed in the electron micrographs ( extracts (Fig. 7a ) may reflect the in vivo organization of PS II, since the organization of the PS-IIbound phycobilisomes in long rows is well documented [33, 34] . As the strings disappear upon addition of detergent, they seem to be stabilized by hydrophobic interaction. More stable is the kind of aggregation formed by the dimers, since higher concentrations of mild detergents like dodecyl fl-D-maltoside are not able to break these structures (Fig. 4) . Tris treatment, on the other hand, results in pure monomers, suggesting hydrophilic factors for the maintenance of the dimers. However, treatment with 1 M MgSO 4 (which does not inhibit oxygen evolution) has no influence on the amount of dimers (not shown) suggesting a specific Tris effect and not a general salt effect. Maybe the removal of the 34 kDa extrinsic polypeptide is a prerequisite for salts and detergents to attack the binding region between the dimers.
A proposal for the structural organization of cyanobacterial PS II in vivo is shown in Fig. 9 . According to Manodori and Melis [25] twice as many PS II complexes as phycobilisomes exist in cyanobacteria. Therefore, it seems likely that the dimers represent the normal, functional PS II present in the thylakoid membranes [12] . When the phycobilisomes occur in rows in vivo, it is likely that PS II occurs in double rows. A similar conclusion has been drawn before [36] after freeze-etching studies. Recently, M~Srschel and Schatz [37] reorted freeze-etching and negative-staining data on membranes and PS II particles from Synechococcus sp., and evidence was given for the doublerow organization of PS II in this organism (Fig. 9) . Their data suggest top-view dimensions of roughly 317 10 × 10 nm for the PS II monomer, which corresponds relatively well to our estimations. Their statement, however, that the longest dimension (13.5 nm) is perpendicular to the membrane cannot be accounted for with our data. Maybe the presence of linker protein and/or APC in the particles of M~rschel and Schatz can explain the observed differences.
In cyanobacteria like Synechococcus sp. the phycobilisomes are hemidiscoidally shaped with a height Of about 30 nm, a width of about 60 rim, and a thickness of about 10 nm [38] . Presumably, they are oriented perpendicular on the top of the long strings in Fig. 9 . The size of the PS II complexes suggests that the repeating unit in the strings is 12.5-13 nm. As a result, the distance between the individual phycobilisomes in the rows should be the same and can be used as a test for the reliability of the model in Fig. 9 . M~rschel and M~hlethaler [39] reported a periodicity of 12 nm in membranes of the thermophilic cyanobacterium Mastigocladus laminosus, and M~rschel and Schatz [37] found the same distance in Synechococcus sp.
These data strongly support the model of Fig. 9 .
